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Sch edu l in g ,  a s  a  dec i s ion -mak ing  p ro ces s ,  p l ay s  an  i mpo r t an t  ro l e  i n  mo s t  
manu f ac tu r ing  sy s t em (M S) ,  t r an sp or t a t i on  an d  s e rv i ce  i ndus t r i e s  a s  we l l  a s  
i n fo rma t ion  p roces s ing  env i ronmen t s .  The  p r imar y  a i m o f  t h i s  s t udy  i s  t o  p r e sen t  an  
i nv es t i g a t i on  on  mu l t i ob jec t iv e  ev o lu t ion a ry  a lg o r i t h ms  (mo EAs)  fo r  t wo  r ea l -wor ld  
s chedu l ing  p rob l ems  i n  mach in ing  an d  a s se mb l y  p r o c es s e s :  a s s e mb l y  l i n e  b a l a n c i n g  
(AL B)  and  p ro ces s  p l an n ing  an d  s ch edu l i ng  (P PS )  p rob l ems ,  wh i ch  a r e  i mpor t an t  and  
in t r ac t ab l e  co mb in a t o r i a l  op t i mi za t ion  p rob l ems  in  MS .  
AL B i s  u sed  t o  ba l ance  wo rk load s  on  an  a s semb ly  l i ne  by  a s s ign ing  number s  o f  
wo rke r s  o r  mach ines  t o  e ach  t a sk .  PPS  dea l s  w i th  r e sou rce  ( mach ines ,  t o o l s )  u t i l i z a t io n  
and  t i me  a l lo c a t i on  o f  manu fa c tu r ing  ope r a t i on s  o f  v a r io us  p a r t s  e f f ec t iv e l y  an d  
ine xp en s iv e ly.  Mu ch  inv es t ig a t i on  and  s tu dy  hav e  p r oven  t ha t  AL B  and  P PS  e na b l e  t h e  
MS to  ach iev e  b e t t e r  p rodu c t  qua l i t y,  h i ghe r  p rod uc t iv i t y,  and  lo wer  p rodu c t ion  co s t .  
Th e r e f o r e ,  so lv ing  AL B  and  P PS  p r o b le ms  h a s  s ign i f i can t  e cono mi c  and  so c i a l  
con s equ en c e s  i n  t o d ay ’s  p ro du c t iv i ty -o r i en t ed  wor l d .  
I n  so lv ing  AL B and  PPS  p rob l e ms ,  mo s t  o f  p r ev i o u s  r e s e a r ch e r s  con c en t r a t ed  o n  
op t i mi za t i on  o f  on e  s in g l e  ob j ec t iv e .  Un fo r tun a t e l y,  i n  t h e  mo s t  p r ac t i c a l  s i t u a t ion s ,  
AL B and  P PS  a r e  l oo k ing  fo r  a  so l u t i on  f o r  wh i ch  each  ob j ec t ive  h as  b een  op t i mi z ed  t o  
t he  ex t en t  t ha t  i f  t h ey  t ry  t o  i mprov e  i t  an y  fu r t h e r,  t h en  th e  o the r  ob j e c t iv e ( s )  w i l l  b e  
ex ace rba t ed  a s  a  r e su l t .  I t  ha s  l ed  t o  mu l t i ob j ec t i ve  AL B and  PP S  p rob l ems .  As  a  
t r ad e -o ff  be tween  two  o r  more  con f l i c t i n g  o b j e c t i v e s ,  man y  P a r e t o  o p t i ma l  s o lu t ion s  
w i th  i n co mmen su rab le  qu a l i t y  a r e  g en e ra t ed  fo r  dec i s ion  mak er s .  Dec i s i on  mak er s  l i k e  
t he  mu l t ip l e  so lu t io n s  w i th  s ame  good  qu a l i t y  so  t h a t  t h ey  co u ld  se l ec t  ones  acco r d ing  
to  t h e i r  sub j ec t i ve  p r e f e r ences .  I n  t he  mo s t  s i ng l e  ob j ec t i ve  op t imiza t i on  p rob l em,  
mo r e  p rob lem- d ep en den t  con s i de ra t io ns  a r e  c on ce r ned  an d  on e  g lob a l  o p t i ma l  so l u t ion  
and  l e s s  co mp u t a t io n  t i me  a re  des i r ed .  Ho wev er,  mu l t i ob j ec t iv e  op t i miza t ion  p rob l e m 
( mo OP )  n eed s  add i t i ona l  c a r e s  i n  co nv e rg en ce  mech an i sm o f  f i nd in g  su f f i c i en t  nu mb er  
o f  g lob a l  Pa re to  op t ima l  so lu t i on s  a s  so on  a s  p o ss i b l e ,  and  d i s p e r s io n  me c h an i s m o f  
d i s t r i bu t i ng  t hem a s  ev en ly  a s  pos s ib l e .  Moreove r,  r educ t i on  o f  co mpu ta t i on  t ime  
beco mes  mo re  d i f f i cu l t  a cco rd ing ly.  The  above  spec i a l  conce rns  make  AL B an d  PPS  
ex t r eme ly  co mp l i ca t ed  i n  na tu r e  so  t ha t  op t imi za t i on  o f  t hem beco mes  a  b ig  ch a l l enge .  
I n  a s semb ly  p rocesse s ,  AL B dea l s  w i th  t he  ev en  a l l oca t i on  o f  t he  p rope r  t a sk s  and  
wo rk e r s  amon g  th e  p rop e r  s t a t i on s .  As  one  ty pe  o f  ALB,  s ing l e - mo de l  AL B ( s mAL B )  
con ce r ns  w i th  smo o th  a l l oca t ion  o f  t a sk s  o f  on e  ho mo geneou s  p ro duc t ,  wh i ch  i s  
con t inu ou s ly  man ufac tu r ed  in  l a rge  q uan t i t i e s  (mass  p rod uc t ion ) .  T he  o the r  i mp or t an t  
one  i s  mi xed -mode l  ALB (mAL B) ,  wh ich  p roces se s  s eve ra l  mode l s  ( ve r s i ons )  o f  a  
ba s i c  p rod uc t  on  t h e  s ame  l i n e .  I t  ha s  been  p roven  so  d i f f i cu l t  t o  p a r t i t i o n  th e  t a sk s  (o f  
e ach  mod e l )  among  the  s t a t i ons  un i f o r mly.  Mo r eov e r,  co ns i de r a t io n  o f  d i f f e r en t  
wo rke r s ’ c apab i l i t i e s  c an  s i gn i f i c an t l y  i nc r ea se  t he  d i f f i cu l t y  o f  a l l oca t i on  o f  t a sk s  and  
wo rk e r s  i n to  s t a t i o ns  ev en ly.  Th e re fo r e ,  op t i mi z a t ion  o f  mu l t i ob j ec t iv e  smAL B and  
mAL B co ns i de r i ng  wo rk e r s ’ cap ab i l i t i e s  b eco mes  an  in t r ac t ab i l i t y  p rob l em i n  MS.  
Mo s t  o f  r e s ea r ch es  f r equ en t l y  focu sed  on  r edu c ing  th e  cy c le  t i me ,  ba l an c in g  th e  
s t a t i on  wo rk lo ad ,  i mprov i ng  th e  l i n e  e f f i c i en cy  and  so  on .  
As  t o  t he  o th e r  mo s t  impo r t an t  s ch edu l in g  p ro b l em in  mach in ing ,  PPS  lo oks  h igh ly  
co mp lex  duo  t o  i t s  ch a r ac t e r i s t i c s .  P rocess  p l an n in g  ( PP )  i s  t h e  d e t e r min a t i o n  o f  
op t ima l  p roce s s  p l an s ,  i . e .  ope r a t i ons  (ma ch ine ,  t oo l ,  t oo l  a cce s s  d i r ec t i on  (TAD))  and  
t he i r  s equen ces .  A l l  t he  manufac tu r i ng  r e sou rce s  a r e  a s sume d  a s  ava i l ab l e  i n  t h i s  phase .  
Th e  s ch ed u l ing  i s  d e t e r min a t i on  o f  t h e  mo s t  app ropr i a t e  mo men t  t o  ex ecu t e  eac h  
ope ra t i on  i n  t he  shop  ove r  t ime  wi th  comp e t i t i ve  r e sou rce s .  Tr ad i t i ona l l y,  PP and  
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sch edu l ing  a r e  pe r f o r med  s eq uen t i a l l y  a s  s epa ra t e  a c t i v i t i e s ,  wh e re  s chedu l ing  i s  
c a r r i ed  o u t  a f t e r  gene ra t i ng  t he  p roce s s  p lans  acco rd ing ly.  The  conven t iona l  PPS  may  
l ead  to  t h e  l oca l  op t i mu m an d  lo w p ro duc t iv i t y  i n  mach in ing .  In t eg ra t ed  P PS  can  
p r e sen t  s i gn i f i can t  e f f i c i en t  i mp rov eme n t s  t h roug h  e l i mi na t ing  s ch ed u l ing  co nf l i c t s ,  
r edu c ing  f lo w - t i me ,  and  i mp rov in g  r e sou r ce  u t i l i z a t ion .  Add i t i o n a l ly,  p r ev iou s  
r e sea r che r s  mo s t l y  focu sed  on  s ing l e  ob j ec t i ve  op t imi za t i on  r a the r  t han  mu l t i ob j ec t i ve  
op t imiza t i on .  Mo reove r,  t h e  ex i s t i ng  mo EAs  canno t  ge t  s a t i s f ac to ry  e f f i c acy  
( conv erg e nce  and  d i sp e r s ion )  and  e ff i c i e ncy  ( co mp u ta t io n  t i me )  p e r fo r man c e s .  
Fu r th e r mo re ,  i n  r e cen t  y ea r s ,  many  co mp an i es  hav e  ch an ged  th e i r  MS f ro m 
t r ad i t i o na l  s i ng l e - f ac to ry  t o  mu l t i - f ac to ry  d i s t r i bu t ed  manu fac tu r ing  sy s t em (DMS)  to  
i nc r ea se  t he i r  i n t e rna t i ona l  comp e t i t i venes s .  D i ff e r en t  f a c t o r i e s  l o ca t ed  in  d i f f e r en t  
a r ea s  have  d i f f e r en t  mach in ing  capac i t i e s  and  d i f f e r en t  r e so u rce  cons t r a in t s .  Excep t  o f  
t he  a l l o ca t ion  o f  r e sou r ce  t o  p ro ces s  t h e  p rodu c t s  wh ich  a r e  a s s ign ed  in to  on ly  on e  
f a c to ry,  t h e  a s s i gn m en t  o f  p ro duc t s  i n to  f ac to r i e s  even ly  w i l l  i n f l u en ce  t h e  w h o l e  P P S .  
Ho w to  a l l oca t e  t he  p roduc t s  i n to  f ac t o r i e s ,  how to  a r r ange  t he  r e sou rce s  f o r  e ach  
f ac to ry  to  i mp rov e  the  p r odu c t iv i ty  an d  ba l an ce  th e  wo rk load  o f  f a c to r i e s  beco me  
ex c e ed in g l y  d i f f i cu l t .  
O win g  to  t h e  ab i l i t y  o f  e x p lo r i n g  mu l t ip l e  P a re to  o p t i ma l  so l u t ion s  i n  a  s in g l e  ru n  
and  exp lo i t i ng  s imi l a r i t i e s  o f  so lu t i ons  by  r eco mbina t i on ,  mo EAs  seem to  be  e spec i a l l y  
su i t ed  t o  mo OPs .  T he re fo r e ,  t h i s  t h e s i s  fo cu se s  on  inv es t i ga t ing  mo E As  t o  so lv e  th e  
mu l t i ob j ec t i ve  s chedu l i ng  p rob l ems  i n  mach in ing  and  a s semb ly  p roces se s .  
Th e  ma in  con ten t s  o f  t h i s  t h e s i s  a r e  a s  fo l lo w.  
In  Chapter 2 ,  so me  con cep t s ,  t e r min o lo g ie s ,  c l a s s i ca l  ap p ro ach es ,  and  co mmon  
pe r fo rmance  i nd i ce s  f o r  moEAs  a r e  i n t roduced .  
Ch ap ter 3  Mu l t iob j ec t iv e  smALB p rob lem cons ider ing  work ers '  capab i l i t i e s  
Fo r  op t imi za t ion  o f  smALB con s id e r in g  wo rke r s '  c apab i l i t i e s ,  a  new mul t i ob j ec t i v e  
r ando m k ey -b as ed  gen e t i c  a l go r i t h m ( rk GA )  i s  p r opo s ed .  A p r ob lem- d ep en den t  
mu l t ip l e  v e c to r  c od i ng  i s  d e s i gned  f i r s t l y.  On e  in d iv idu a l  i s  mad e  up  o f  t a s k  p r i o r i t y,  
t a sk  s equ ence ,  wor k e r  a l l o ca t i on  and  b r eakpo in t  vec to r s .  Task  p r io r i t y  and  wo rk e r  
a l l o ca t i on  a r e  u sed  to  app ly  on  c r os sove r  and  mu t a t i on .  Th e  r ea l  nu mber  o f  t a sk  
p r io r i t y  can  be  ea sy  app l i ed  on  a r i t h me t i c  c ro s sov e r  t o  i mpr o ve  exp lo r a t ion  c ap ab i l i t y.  
An  ad ap t ive  we igh t  su m based  f i t n e s s  fu nc t i on  i s  a pp l i ed  to  i mp rov e  th e  con ve rg en c e  
b y  n o r ma l i z in g  mu l t ip l e  o b j e c t iv e  fun c t io n s  and  t r a n s fo r mi n g  t h e m i n to  o n e  v a lu e .  
Co mp ar in g  rk GA to  pr io r i t y  key -b ased  gen e t i c  a lgo r i t h m (p r i GA)  (d i f f e r en t  i n t eg e r  
p r io r i t y  key -b as ed  cod ing ,  o ne  cu t  po i n t  c ro s sov e r  f ro m r kG A)  in d i c a t e s  t h a t  rk G A 
cou ld  a ch i ev e  bo t h  b e t t e r  e f f i c a cy  ( abo u t  5 % i mp ro ved  in  con verg en c e  pe r fo r ma n c e )  
and  e ff i c i ency  ( abou t  48% reduced  i n  co mpu ta t i on  t ime )  pe r fo rmances  t han  p r iGA.  
Ch apter 4  Mul t i ob jec t i ve  mALB prob lem wi th  nove l  cy c l e  t ime  re f erence  
I n  mAL B ,  co mpo s i t i on  and  d eco mp os i t i o n  me tho d  i s  ad op t ed  to  s i mp l i fy  t he  mAL B  
to  smALB so  a s  t o  t he  s ame  cod ing  me thod  a s  Chap t e r  3  can  be  app l i ed  ea s i l y.  
D i ff e r en t  f r om t r ad i t i ona l  av e r age -based  cyc l e  t i me ,  a  nov e l  cy c l e  t i me  ca l cu l a t ion  
me thod  acco rd ing  t o  d i f f e r en t  demand  r a t i o  o f  mo d e l s  i s  p ro posed .  I t  c an  r e f l ec t  t h e  
r e l a t i on sh i p  b e t w e en  th e  d e ma nd  r a t io  o f  mod e l s  and  cy c l e  t i me .  To  so lv e  m AL B  
e f f ec t i ve ly,  a  gene ra l i z ed  Pa re to -based  s ca l e - ind ep end en t  f i t ne s s  fun c t ion  (gp - s i f f )  
ba sed  g en e t i c  a lgo r i t h m (gp - s i f f GA)  i s  p ropo sed .  Trad i t i on a l  P a re to - r ank ing  me tho d  
a s s igns  t he  s ame  f i t ne s s  va lue  fo r  nondomina t ed  i nd iv idua l s .  Ho weve r,  t he  f i t ne s s  
va l ue  i n  g p - s i f f  i s  d i f f e r en t  acco rd ing  to  t h e  nu mb er  o f  d o mi na t ed  by  th i s  i nd iv i dua l .  
Th e  mor e  t h e  f i t n e s s  v a l u e  i s ,  t h e  i n d iv id u a l  w i l l  d o mi n a t e  mo re  ind iv id u a l s .  Th e r e f o r e ,  
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gp- s i f f  c an  en hance  th e  conv e rg en ce  p e r fo r man ce .  S ame  r ep rodu c t io n  s t r a t eg i e s  a s  
Ch ap t e r  3  a r e  ad op t ed  and  a  b in a ry  t ou rn amen t  s e l ec t ion  ( BT S)  i s  u sed  in s t ead  o f  
rou l e t t e  whee l  s e l ec t ion .  Co mp ar i sons  wi th  ex i s t i ng  moE A u s i ng  s a me  r ep re s en t a t ion ,  
c r os so ve r  and  mut a t ion  op e r a t o r  and  d i f f e r en t  RW S op e ra to r,  ad ap t iv e  we igh t  su m 
ba s ed  f i t n e s s  fun c t i on ,  d e mo n s t r a t e  t h a t  gp - s i f fGA cou ld  ob t a in  bo th  o bv iou s ly  b e t t e r  
e f f i cacy  ( abou t  66 % impro ved  in  conv e rg en ce  p e r fo r man ce )  and  e ff i c i ency  ( abo u t  26 % 
redu ced  in  co mp u ta t i on  t ime)  p e r fo r man ces .  
Ch ap ter 5  Fa s t  an d  e f f ec t iv e  mo E A fo r PPS  p rob l em  
Fo r  i mpro v ing  th e  e f f i c i en cy  and  e f f i c acy  (bo t h  conv e rg en ce  and  d i spe r s io n )  
pe r fo rmances ,  a  f a s t  and  e f f ec t i ve  moEA (FE-MOEA)  i s  p ropo sed .  Th e  gene t i c  
r ep re sen t a t i on  cons i s t s  o f  ope ra t i on  s equen ce ,  ma ch ine ,  t oo l  and  TAD vec to r s .  As  t o  
f i t ne s s  f unc t i on ,  t he  gp - s i f f  p rov ide s  t he  obs cu r e  f i t n e s s  v a l u e  b e t w e e n  n o n d o mi n a t ed  
and  do mi n a t ed  in d iv i dua l s  so  th a t  t h e  non do min a t ed  on e s  mi gh t  b e  lo s t  i n  t h e  evo l v in g  
p roces s .  The r e f o r e ,  a  new  Pa re to  domin a t i n g  and  d o mi n a t ed  r e l a t i o n sh i p - b a s e d  
(PDDR)  f i t ne s s  f unc t i on  i s  p roposed .  Moreover,  PDDR has  a  c l ea r  t ime  a dvan t ag e  t han  
mo s t  f amo us  mo EAs ,  NS GA-I I  and  SPEA2 ,  because  i t  doesn ’ t  cons ide r  t he  d i sp e r s ion  
pe r fo rman ce .  Add i t i ona l ly,  i nd iv idu a l  l oca t i ng  a round  t he  cen t r a l  r eg i o n  o f  P a r e t o  fon t  
w i th  b i gg e r  do min a t ion  a rea  w i l l  h av e  be t t e r  f i t ne s s  v a lu e  th an  th e  edg e  po in t s .  
Th e r e f o r e ,  PDDR h as  a l so  an  ad van t age  w i th  t he  t end en cy  con ve rg ing  t o ward  th e  
c en t r a l  a r e a  o f  t h e  Pa r e to  f ro n t .  Vec to r  e va lu a t ed  g en e t i c  a lgo r i t h m ( VE G A )  h a s  a n  
adv an t ag e  w i th  t h e  edg e  r eg io n  o f  t h e  P a re to  f ron t  duo  to  i t s  s e l ec t i o n  on ly  fo r  on e  
ob j ec t i ve .  These  ab ove  advan t ag es  a r e  un i t ed  t a c t fu l l y  i n  FE-MOEA.  They  p r e se rv e  
bo th  be t t e r  conv e rgence  r a t e  and  d i sp e r s ion  p e r f o r man c e .  A p rob l e m- d ep end en t  l oc a l  
s ea rch  i s  p ropo sed  to  improve  t he  e ff i c acy  pe r fo rmance .  Co mp l e t e  co mp a r i so n s  in d i c t  
t ha t  t he  e f f i c acy  pe r fo rmance  o f  FE-MOEA i s  b e t t e r  t h an  th e  co mbi na t ion  o f  gp - s i f f  
and  VEGA (abou t  27 % imp rov ed  in  conv e rgen ce  p e r fo rman ce ,  abou t  52 % improv ed  in  
d i s pe r s io n  p e r fo r ma nce )  wh i l e  t h e  e f f i c i en cy  p e r fo r man ce  i s  equ iv a l en t .  Fu r t he r m or e ,  
t he  e f f i cacy  pe r f o r man ce  o f  F E- MOE A i s  a l so  be t t e r  t h an  NS GA- I I  and  SP EA2 ( abou t  
87 -94 % imp rov ed  in  conv e rgen ce  pe r fo rman ce ,  6 -15 % imp rov ed  in  d i sp e r s io n  
pe r fo rman ce ) ,  and  the  e ff i c i ency  p e r fo r ma n ce  i s  obv iou s ly  be t t e r  t h an  t h e i r s  ( abou t  
23 -49 % reduced  i n  co mp u ta t i o n  t ime) .  
Ch ap ter  6  fa s t  mo E A wi th  arch iv e  for  PPS  p rob l em in  DM S 
A fas t  mu l t io b j ec t iv e  g en e t i c  a lg o r i th m wi th  a r ch i ve  ( fmo GA-A)  i s  p ropo sed  t o  
so l ve  mu l t iob j ec t iv e  PPS  p rob l em in  DM S.  Th e  mu l t ip l e  v ec t o r  g en e t i c  r ep re sen t a t ion ,  
i nc lud ing  pa r t  s equ ence ,  b r eak po in t ,  op e ra t i o n  p r io r i t y,  op e r a t ion  sequ en ce ,  mac h in e  
and  too l  a s  w e l l  a s  TAD v e c to r,  i s  p ropo s ed .  In  t h e  mu l t ip l e  vec to r,  e a ch  PP S  p r ob l e m  
in  each  f ac to ry  ha s  been  de s igned  a s  a  who le .  C ro s sov e r  and  mu t a t i on  o pe ra to r s  c an  b e  
app l i ed  o n  t h e s e  v e c to r s  t o  o p t i mi z e  t h e  PPS  o f  mu l t i - f ac to ry  s i mu l t an eo us ly.  The  
gp - s i f f  w i th  l e s s  t i me  co mp l ex i ty  i s  adop t ed  to  ev a lu a t e  t he  f i t n es s  fu nc t i on .  An  
e l i t i s m mech an i sm named  a r ch i ve  i s  p ropo sed  to  s to re  a  s e t  o f  nondo mina ted  
ind iv idu a l s  foun d  u p - to -no w.  Th e  a r ch i ve  c an  b e  upd a t ed  by  the  gp - s i f f  v a lu e s  i n  
evo lv in g  p ro ces s .  Th e  gp - s i f f -b ased  a r ch i ve  mech an i sm i s  u sed  to  i mpro ve  th e  qu a l i t y  
and  sp eed .  Co mp ar in g  to  NSGA-I I  and  SPEA 2,  t h e  e f f i cacy  ( conve rg en ce )  p e r fo r man ce  
o f  f mo GA- A i s  no t  l e s s  t h an  NS GA- I I  and  SPE A2  d id  and  th e  e f f i c i en cy  p e r fo r man ce  i s  
obv iou s ly  be t t e r  t h an  t h e i r s  ( abou t  8 3 -8 9% redu ced  in  co mp u ta t i o n  t ime) .  
Ch ap ter  7  con c lud es  th e  ma i n  ach i ev emen t s  o f  t h i s  s tudy,  wh i ch  sh ow th e  h i gh  
e f f i c acy  and  e f f i c i ency  pe r fo rmances  o f  t h e  p ro posed  app ro aches  fo r  so lv ing  th e  
mu l t i ob j ec t i ve  s chedu l i ng  p rob l ems  i n  mach in ing  and  a s semb ly  p roces se s .  
